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Hiv-1 Tat Membrane Translocation Probed by Low- and Wide-Angle X-
Ray Scattering, Neutron Scattering, CD Spectroscopy and MD Simula-
tions
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Brian Maranville2, Kun Huang3, Angel E. Garcia3, Stephanie Tristram-
Nagle1.
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In an effort to understand membrane translocation of a cell-penetrating peptide,
interactions of HIV-1 Tat peptide (GRKKRRQRRRPPQ) with DOPC, DOPC/
DOPE, DOPC/DOPS, and nuclear membrane mimics were investigated using
low- and wide-angle x-ray scattering (LAXS and WAXS), neutron scattering,
and circular dichroism (CD) spectroscopy. The diffuse scattering analysis
applied to LAXS collected at CHESS revealed that Tat-membrane interactions
reduce the membrane thickness by ~1 A˚. In DOPC and DOPC/DOPE mem-
branes, the position of Tat was found to transition from the vicinity of the
glycerol-carbonyl headgroup to the phosphate headgroup as Tat mole fraction
was increased from 0.009 to 0.06. The area per lipid for DOPC and DOPC/
DOPE membranes increased by ~2 A˚2 at the highest Tat mole fraction. The
membrane bending modulus was found to decrease by roughly a factor of 2
at the highest Tat mole fraction except for the nuclear mimic. The chain-
orientational order parameter, Sxray, calculated from WAXS and corrected
for mosaic spread, showed Tat slightly disordered chains. Neutron scattering
collected at NIST from fully hydrated samples consisting of DOPC:DOPE
(3:1) membranes and Tat at 0.06 mole fraction showed a prominent, broad
peak corresponding to a Tat-membrane correlation of ~100 A˚. The secondary
structure of Tat calculated from CD spectra using DichroWEB was found to be
the same in pure water as in lipid thin films and primarily consisted of b-sheet
and random coil with small helical content. Our findings are consistent with the
results fromMD simulations by Herce and Garcia, which suggested that Tat in-
teracts with phosphate headgroups across the bilayer, facilitating the formation
of pores. The ensemble of configurations obtained from a new MD simulation
allows visualization of Tat/membrane interactions. Funded by GM44976,
GM86801, DMR-0936384(CHESS), and DOE(NIST).
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A Systematic Study of Phase Changes Induced by Trans-Membrane Pep-
tide Gramicidin-A in Multi-Component Lipid Membranes
Ebrahim Hassan-Zadeh, Juyang Huang.
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What are the effects of proteins on lipid membrane domains? In order to answer
this question, we systematically investigated the phase changes induced by
trans-membrane peptide gramicidin-A in 16:0-18:2PC(PLPC)/
di18:0PC(DSPC)/cholesterol and 16:0-18:2PC/di16:0PC(DPPC)/cholesterol
lipid bilayers. Quaternary giant unilamellar vesicles (GUV) were prepared us-
ing our recently developed Damp-Film method. The phase boundaries of
liquid-ordered and liquid-disordered (LoþLd) coexisting region as well as
the critical points were determined using video fluorescence microscopy.
Within the phase coexisting regions, thermodynamic tie-lines were determined
using a fluorescence assay. Our results show that adding 1 mol% of gramicidin
produces significant and complex phase changes to the lipid bilayers: at some
lipid compositions, gramicidin can induce lipid domains; at others, gramicidin
completely abolish the phase separation; even if the phase separation is pre-
served, gramicidin significantly alters the lipid compositions of membrane do-
mains and tie-lines. In the biological relevant critical region, these changes
could be quite dramatic. We also measured gramicidin-A partition coefficients
between coexisting LoþLd lipid phases. Away from the critical point, the co-
efficient is close to 2, indicating that gramicidin slightly prefers the disordered
Ld lipid domains with smaller bilayer thickness. However, the partition coeffi-
cient continuously changes with lipid composition. Near the critical point, the
partition coefficient approaches to the theoretical value of 1.
485-Pos Board B240
Physical Properties of Model Membranes Containing Pope and Phytos-
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We have studied the effect of phytosterol on the physical properties of 1-palmi-
toyl-2-oleoyl-sn-glycero-3-phosphoethanolamine (POPE) multilamellar vesi-
cles using deuterium nuclear magnetic resonance (2H NMR). The sn-1 chain
of POPE is deuterium labeled. The NMR spectra were taken as a function of
temperature and phytosterol concentration. The order of POPE-d31 mem-branes, measured through the spectral first moment, is almost not affected by
the addition of phytosterol in the gel phase, while it increases with phytosterol
concentration in the liquid-crystalline phase. A significant difference in the
ability of phytosterol to disorder the gel-phase and to order the liquid-phase
POPE membranes is observed. This finding differs from those observed in
POPE/chol and other lipid/sterol systems. Furthermore, the temperature-
composition phase diagram will be discussed.
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Measuring the Dimerization Propensities of Mucin1 Transmembrane and
Juxtamembrane Domains
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Overexpression of the membrane protein mucin 1 (MUC1) has been linked to
75% of all human solid tumor cancers, including 90% of breast carcinomas. In
cancer cells, MUC1-MUC1 homodimerization has been associated with cell
migration and adhesion. Furthermore, this interaction is necessary for forming
complexes with growth factor receptors and targeting to the nucleus, where
MUC1 can interact with effector proteins regulating gene expression. Thus, un-
derstanding how MUC1 forms homodimers is essential for developing novel
therapeutic strategies to block its oncogenic effects. A recent study has shown
that the membrane proximal CQCmotif promotes dimerization under oxidizing
conditions, suggesting that the motif may act as a redox switch in response to
changes of cytosolic oxidant levels. Aside from these few studies focusing on
the CQC motif, very little is known regarding the mechanism of MUC1 homo-
dimerization. Currently, we are using the ToxR and AraTM assays to investi-
gate if the transmembrane domain, without the cytosolic CQC motif, is able to
dimerize by itself. We are also measuring if the dimerization propensity of the
TMD changes with the membrane proximal CQC motif. The two assays allow
us to compare the dimerization propensity when the CQC motif is in reducing
and oxidizing environments.
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Characterizing the Curve: A Mechanistic Study of CPLA2-Mediated
Membrane Bending
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Lipid membranes play a critical role in cellular signaling through selective
protein-lipid interactions. The membrane composition of organelles often
drives specific proteins to localize in cells. Lipid binding proteins, including
those harboring BAR and ENTH domains, have been shown to shape biological
membranes into vesicles necessary to transport cargo across the membrane.
Recently, we observed that the calcium-dependent enzyme cytosolic phospho-
lipase A2 (cPLA2), bends model membranes through its N-terminal C2 domain,
which is dependent upon its membrane penetration (Ward et al. JLR, 2012).
Thus, in addition to its role in generating arachidonic acid from membrane
phospholipids, this enzyme may have a role in regulating membrane curvature
changes. This hypothesis is supported by roles for cPLA2 described in the liter-
ature including intra-Golgi trafficking, Golgi tubulation, Golgi vesiculation and
Fc-receptor-mediated phagocytosis. We found that membrane bending by
cPLA2 translated into A549 and HeLa cells, supporting the physiological rele-
vance of our earlier findings. Thus, we sought to characterize the molecular
forces driving cPLA2-dependent membrane bending in vitro and in cells. Using
a variety of mCherry and mEGFP protein chimeras, we investigated the hy-
pothesis that cPLA2 oligomerizes on membranes with a series of correlation
spectroscopy experiments. These results show that cPLA2 forms large protein
oligomers on cytoplasmic vesicles using number and brightness analysis and
with an in vitro crosslinking assay. Taken together, using a variety of biophys-
ical methods, we have consistently found cPLA2 to oligomerize through its C2
domain in vitro and in cells.
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Cubic - Inverted Hexagonal Phase Transition Kinetics in Monoolein-
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Zachariah I. Strango, Caleb W. Reese, Christopher J. Ver Hoef,
Paul E. Harper.
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Sugars play key roles in the biology, yet much remains unknown about their
interactions with lipids. In particular, we examine the effect of different con-
centrations of sucrose-water solutions on the cubic - inverted hexagonal transi-
tion in monoolein. Using DSC (differential scanning calorimetry), we ramp the
temperature up and down through the transition and measure the ramp-rate
92a Sunday, February 16, 2014dependence of the heating and cooling hysteresis. Sucrose has a marked effect
on the location of the cubic- inverted hexagonal phase transition temperature,
dropping it by about 20C per molal of sucrose concentration. A strong asym-
metry is seen in the kinetics, with the hysteresis in the cooling direction being
roughly twice that in the heating direction. This is in contrast to the heating and
cooling symmetry in the lamellar- inverted hexagonal transition seen in phos-
pholipids. Sucrose also dramatically increases the hysteresis and the effect is
most pronounced at slow temperature ramps. When cooling at a rate of
0.01C/s, monoolein in a 0.5 molal solution of sucrose exhibits a hysteresis
of 1.7C; monoolein in a 3.0 molal solution shows a hysteresis of 7C. Avrami
exponents for cooling fall in the range of 2.0 - 2.5; for heating, they range from
1 - 3, with the higher exponents seen at slower ramp rates and higher sucrose
concentrations.
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Lipid Membranes Containing Plant Sterols Separate into Coexisting
Liquid Phases Over Broad Temperature and Compositional Ranges
Ranee C.L. James, Jonathan P. Litz, Sarah L. Keller.
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The sterols in plants, or phytosterols, are often prized for their ability to lower
plasma cholesterol. On the other hand, certain lipid metabolic disorders (e.g.
sitosterolemia) are correlated with an excess of plant sterols. Here we examine
the miscibility phase behavior of membranes that contain plant sterols, with the
eventual goal of comparing the interactions between lipids and phytosterols
with the interactions between cholesterol, and lipids. To do so we map misci-
bility phase diagrams of membranes composed of a common plant sterol (stig-
masterol, ergosterol, or beta-sitosterol), a lipid with a low melting temperature
(DOPC), a lipid with a high melting temperature (DPPC), and a small amount
of a fluorescently labeled lipid that preferentially partitions into one of the
membrane phases. We use electroformation to generate giant unilamellar ves-
icles, and we observe phase separation via fluorescence microscopy. We
compare our resulting phase diagram to a well-studied system, specifically
membranes of DOPC/DPPC/cholesterol. Our data suggests that minor struc-
tural changes between phytosterols and cholesterol have a large effect on mem-
brane miscibility.
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Membranes with Thick, Liquid-Disordered and Thin, Liquid-Ordered
Phases are Rare
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Lipid membranes containing ternary mixtures of a lipid with a high melting
temperature (Tm), a lipid with a low-Tm, and a sterol can phase separate
into two coexisting liquid phases over a range of temperatures and composi-
tions (Veatch 2003 Biophys. J.). The two phases are termed liquid-ordered
(Lo) and liquid-disordered (Ld). It is generally assumed that the Lo phase is
thicker than the Ld phase. We hypothesize that increasing the chain length of
the low-Tm lipid and/or decreasing the chain length of the high-Tm lipid yields
systems with thicker Ld phases. We measured phase heights of membranes
containing high-Tm lipids with saturated tails of 12 to18 carbons, and low-
Tm lipids with unsaturated tails of 20 to 24 carbons or phytanoyl chains. Of
all these combinations, only one ternary system produced data consistent
with thicker Ld than Lo phases: DPPC/Di(22:1)PC/cholesterol. To identify
which phase was thicker in each membrane, we first ruptured giant phase-
separated vesicles labeled with a fluorescent probe on mica to form supported
lipid bilayers. This allowed us to directly compare fluorescence images (to
identify Lo and Ld phases) to AFM images (to reports heights) of the same
vesicle. We expanded our study to include bilayers with compositions from a
recent study from Lin and London (2013 J. Biol. Chem.). These compositions
are believed phase separate into thicker Ld nanodomains. To our knowledge,
we present the first direct observations of systems in which the thicker liquid
phase is not the more ordered phase, showing that height and order need not
be correlated.
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Anesthesia is induced by molecules with a wide range of structural variation.
At the same time, structurally similar molecules can had very different ef-
fects on anesthesia. Studies have shown a relationship between the anesthe-
tic’s dosage and partitioning into an oil:water system. In order to address thediversity of anesthetic molecules, numerous studies over the past few decades
have explored properties of lipid membranes to offer a molecular mechanism
of general anesthesia other than the specific protein binding hypothesis. We
investigate the effect that n-alcohols and other anesthetics have on the two-
dimensional miscibility critical point of RBL-2H3 giant plasma membrane
vesicles (GPMVs). In this study, we observe that the molecules lower the
critical temperature (Tc) in a dosage dependent manner while maintaining
vesicles at a critical composition. Scaling the concentration by a given mol-
ecule’s median anesthetic concentration (AC50) yields shifts in Tc that are
similar for all n-alcohols. When the AC50 of the n-alcohol is applied, there
is a decrease in Tc by 4C. Additionally, when other anesthetics are applied,
including propofol, phenylethanol, and isopropanol, GPMV miscibility tem-
peratures are lowered by similar amounts when scaled by their AC50 or clin-
ically relevant dosage. However, two structural analogs of anesthetics with
no anesthetic activity, 2,6 ditertbutylphenol and tetradecanol, do not alter
transition temperatures when incorporated into GPMVs. These results lead
us to hypothesize liquid general anesthetics may contribute to anesthesia
by reducing lipid-mediated heterogeneity in plasma membranes. We are
currently investigating the effect of liquid general anesthetics on the organi-
zation of plasma membrane proteins and on signaling pathways that are
thought to rely on lipid mediated heterogeneity for some aspects of their
functions.
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Giant plasma membrane vesicles (GPMVs) harvested from mammalian cells
have a compositional critical point near room temperature which is character-
ized by a diverging correlation length of fluctuations as the critical temperature
(Tc) is approached from above. The temperature dependence of the correlation
length was previously examined using wide-field microscopy, which limited
the accessible length scale to fluctuations greater than the point spread function
of the microscope, on the order of 0.5 mm (Veatch et al. ACS Chem Bio 3:287
2008). Fluctuations of this size only occur at temperatures within 1C of Tc and
predict roughly 20nm sized fluctuations at 37C. Here we utilize super-
resolution and single molecule techniques to measure correlations smaller
than accessible to wide-field microscopy through two distinct experiments
that utilize cholera toxin B subunit (CTxB) which labels the liquid-ordered
phase of GPMVs. In the first set of experiments, we probe the lateral heteroge-
neity of CTxB by quantifying the time-resolved cross-correlation between two
pools of CTxB labeled with spectrally distinguishable fluorescent probes. By
this method, we are able to measure the magnitude and length scale of critical
composition fluctuations over a broader temperature range than was previously
accessible. In the second set of experiments, we track the mobility of single
CTxB proteins diffusing on the GPMV vesicle surface. Recent theoretical
work predicts that strongly partitioning single molecules should experience
anomalous diffusion in near-critical membranes (McConnel, J. Chem. Phys.
137:215104 2012). We find that the diffusion coefficient of CTxB varies as a
function of diffusion time, in general agreement with theoretical predictions.
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Lipid membranes composed of at least three lipid types can phase separate into
micron-scale, coexisting liquid phases. Domains in each leaflet are never
observed to move out of registration, which indicates a strong interleaflet
coupling. Our group has found that this strong coupling persists in asymmetric
membranes, where lipid ratios are different in each leaflet [1]. For membranes
that lack transmembrane proteins or gel phases, the origin of this strong
coupling is not intuitive [2]. Previously, we have found that domain registration
persists in supported bilayers to shear rates of 6 seconds1. Here, we use micro-
fluidic techniques to apply higher shear to supported bilayers with the goal of
overcoming coupling by moving the membrane’s upper leaflet with respect to
the lower leaflet. We use a flow cell design by Jo¨nsson which was previously
shown to move bilayers across a substrate [3]. In this system, the leaflet prox-
imal to the substrate flows much slower than the leaflet proximal to the solution,
leading to a macroscopic spatial shift between initially apposed regions. This
technique of subjecting supported bilayers to high shear allows us to probe in-
teractions between leaflets in the monolayer.
